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In a conventional theory of the strong and electroweak interactions based on the 5U(3)x 5U(2)x U(1) gauge group, the masses of quarks and leptons are treated as parameters appearing in a fundamental Lagrangian. The number of such parameters therefore increases with the species of quarks and leptons. We have not yet found a convincing theory which controls them. Among various attempts to this problem fairly attractive one is to regard quarks and leptons as composite objects. Immediate difficulty of the composite picture is that the observed masses of quarks and leptons seem too light compared to the mass scale characterizing the compositeness. A possible way of understanding this fact is that in a certain symmetry limit composite quarks and leptons are protected to be massless by 'tRooft's anomaly constraintsll and their masses are generated through small symmetry violating effects. Recently Weinberg 2 ) proposed an interesting mechanism of this kind: Quarks and leptons are regarded as bound states of hyperfermions due to hypercolor interactions, where hypercolor confinement is assumed to work. Usual color and/ or electroweak interactions play a role of symmetry violation in the above sense. Especially some of the massless composite states acquire their masses through the color instanton effects.
In the latter case we will easily have very light composite fermions provided ARc! Ac is large. In this note we will closely investigate chiral properties of effective interactions of instanton effects and show that we will have further structures in the light fermion mass spectrum. Let us begin with transformation properties of the effective interaction of fermions in the presence of an instanton. In the following we consider the 5U(N) gauge theory with n fermion multiplets belonging to the fundamental representation of 5U(N). (Later Nand n will correspond to the color and hypercolor degrees of freedom, respectively. )
For a massless fermion, instanton effects come out only through the zero eigenmode <Po of the fermion,3) which satisfies Co +A)<po=O, (1) where A is the background instanton field sitting on a certain 5U(2) subgroup of 5U(N). Zero eigenmode <Po is purely lefthanded or right-handed depending on the sign of topological number v. For v=l, e.g., we can denote it in )'5-diagonal representation as
where M and a are spin and 5U(2) indices,
respectively.
An instanton with v = 1 annihilates a lefthanded fermion and creates a righthanded one for each fermion multiplet, so that the total chirality change is Llx = -2 n. Fermion Green's function can be written as (4 ) where we have suppressed weight factors of instanton contribution. At this stage the group orientation of instanton should be integrated over. Then we have
where U is an N x N unitary matrix. In the second step above, we have used Eq. (3) and the fact that the c-tensor can be included in the unitary matrix by change of integration variables. It should be noted that in the above expression ai and bi run over 1 to N, while the spin indices Mi and Kt take still 1 and 2.
Expression (5) N ow let us proceed to the mass generation mechanism. To illustrate our present idea we take the following simple model of hyperfermions:
where both color and hypercolor interactions are described by the SU(3) gauge theory of vector type. At first let us ignore the color interactions for a while. Hyperfermions Q and L are assumed to be massless in this limit, so that the system has the chiral SU(4!Lx SU(4lR symmetry. As a result of the hypercolor confinement three hyperfermions form composite fermion states, which we regard as objects of quark and lepton level. It is known that the following set of massless states of such composite fermions satisfies 'tHooft's anomaly constraint conditions :*)
where h is the helicity of the composite fermions and Yang's tableaux denote the representations of SU(4)LX SU(4)R. Assuming that the above set of massless states is realized, let us consider effects of the color interactions. In Table I , all states are tabulated according to the representations of SU(3!Lx SU(3lR (color) with the chirality numbers XQ and XL. Only hypercolor and color instantons can cause the change of XQ and XL, which obeys the following selection rules:
LlxQ= -6VHC-6vc,
*) Here we do not consider the decoupling conditions. where ))HC and ))c are topological numbers of hypercolor and color instantons respectively. Equations (7) and the color (not chiraI) selection rules allow the transitions indicated by the arrows in Table I in the presence of one color (anti-) instant on with or without hypercolor instantons. Then the corresponding states become to have masses whose order of magnitude will be ilHC exp (-87l Table I is singlet to singlet transition. On the other hand, as we have seen, the direct effect of the color instant on does not contain singlet components of SU(3hx SU(3h,  This gap should be filled by the exchange of color gluons. One-gluon exchange effects contain (tJ=l ,tJ=l ) =(8,8) representation of SU(3)LX SU(3)R, so that at least one gluon exchange is necessary in this case. In general, in order that the transition between (rL, rR)+ with h = 1/ 2 and (rL, rR)~ with h = -1/ 2 realizes with n-gluon exchange, the following condition must be satisfied: which means that representations on the lefthand side should include the representation on the right-hand side. The minimum value of n satisfying this condition is shown in Table II for each transition. Note that nmin actually depends on the transition and even within the color triplet states nmin can take different values.
Since we are considering the case that the color interactions are fairly weak at the distance ilHt, color gluon exchange will be suppressed by a power of gc 2 (ilHcl. Thus the difference of nmin will give rise to a structure in the generated mass spectrum. , X "IQ.QJ .
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We can expect the generated mass of the following form:
where we have used ,a usual weight factor of the instant on contribution. This is a main result of the present note.
A few remarks are in order. The model discussed above is of course a toy model. We have not yet succeeded in finding a realistic one. However, in view of the fact that there exist mass differences of one or two order of magnitude between generations and between quarks and leptons, we may say that the above mechanism has a chance to explain the real spectra. The essential ingredients of the mass generation in the above toy model are explicit breakings of the chiral symmetry and the chiral anomaly. Spontaneous breakdown of chiral sym· metries does not play any role there: Actually it has been assumed that the chiral 5 U (4 h x 5 U (4)R symmetry is not broken spontaneously. On the other hand, in a conventional approach the masses of quarks and leptons are associated with the spontaneous breakdown of the electroweak gauge symmetry. Therefore in order to make the above model a more realistic one which includes the electroweak interactions, we have to consider such systems that spontaneous breakdown of certain chiral symmetries and instant on effects cooperates to generate the masses of quarks and leptons. This problem will be discussed elsewhere. 
